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Project Bio-Engineer: A Cell Biology
Apprenticeship for Mrvacupanda
Materials and Resources Needed

General Supplies: Science notebook or digital document, pens, pencils, colored markers.
Mission 1 (Cell Factory): Large cardboard box or poster board, craft supplies (Play-Doh,
clay, pipe cleaners, beads, yarn, foil), labels or sticky notes, glue, scissors.
Mission 2 (Special Ops Cell): Drawing paper or a design app/software, reference materials
on specialized cells (books or internet access).
Mission 3 (Division Directive): 6 pairs of colored socks or pipe cleaners (3 different colors, 2
of each color), string or yarn, camera or smartphone for stop-motion video (optional), paper for
comic strip.
Mission 4 (Gatekeeper's Challenge):

Osmosis Lab: 2 raw potatoes, salt, water, 2 bowls, knife, measuring spoons.
Alternatively: gummy bears, water, saltwater.
Membrane Model: Clear plastic bottle, water, oil, food coloring, dish soap, various
small items (beads, glitter, small pasta) to represent molecules.

Mission 5 (Enzyme Catalyst):
Gelatin mix (like Jell-O), fresh pineapple, canned pineapple, hot water, refrigerator,
several small containers.
Litmus paper or pH strips (optional, for pH experiment).

Digital Resources: Internet access for research and links to simulations (e.g., PhET
Interactive Simulations, Amoeba Sisters videos).

Mission 1: The Blueprint of Life - Design a Cell Factory
Your Goal: To design and build a 3D model of a eukaryotic cell that functions like a factory. This
mission will prove your understanding of cell theory, organelles, and the difference between
prokaryotic and eukaryotic cells.

Part 1: The Research Phase (Apprentice Briefing)

Review the Cell Theory Postulates: In your notebook, write down the three main points of1.
the cell theory in your own words. Think of it as the fundamental law of all living things.

All living organisms are composed of one or more cells.
The cell is the basic unit of structure and organization in organisms.
Cells arise from pre-existing cells.

Prokaryote vs. Eukaryote: Create a "Top Secret" comparison chart. On one side, list the2.
features of a simple prokaryotic cell (like a bacterium - the lone wolf operative). On the other,
list the features of a complex eukaryotic cell (the highly organized headquarters). Your factory
will be a eukaryotic model.
Organelle Blueprints: For each major organelle listed below, create a small "blueprint" card.3.
On one side, draw the organelle. On the other, describe its function using a factory analogy
(e.g., Nucleus = CEO's Office/Control Center, Mitochondria = Power Plant, Ribosomes =
Assembly Line Workers).

Nucleus
Mitochondria
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Ribosomes
Endoplasmic Reticulum (Rough & Smooth)
Golgi Apparatus
Lysosome
Cell Membrane
(For a Plant Cell Factory): Cell Wall, Chloroplasts, Central Vacuole

Part 2: The Construction Phase (Factory Build)

Choose Your Factory Type: Will you build an Animal Cell Factory or a Plant Cell Factory? The1.
choice determines if you need to build structures like a Cell Wall, Chloroplasts, or a large
Central Vacuole.
Build Your Model: Using your cardboard, craft supplies, and blueprints, construct your 3D2.
factory. Don't just place organelles randomly! Think about efficiency. Where should the
Ribosomes (workers) be in relation to the ER (main assembly line) and Golgi (shipping
department)?
Label Everything: Use your labels to clearly mark each organelle and add its factory-analogy3.
function.

Mission Debrief:

Present your Cell Factory. Explain your design choices. Why did you place the "Power Plant"
(Mitochondria) where you did? How does the "CEO's Office" (Nucleus) send messages to the
"Assembly Line" (Ribosomes)?

Mission 2: Cellular Special Ops - Design a Specialist Cell
Your Goal: To design a new, specialized animal or plant cell that is perfectly adapted for a specific,
challenging function. This will show you understand how cell modifications lead to adaptation.

Part 1: Case Files (Research & Ideation)

Study Existing Agents: Research two of the following specialized cells. For each, identify its1.
main function and the specific modifications that help it do its job.

Nerve Cell (Neuron): Long axon for transmitting signals.
Red Blood Cell: Biconcave shape to maximize surface area for oxygen, no nucleus to
hold more hemoglobin.
Root Hair Cell (Plant): Large surface area to absorb water.
Sperm Cell: Flagellum (tail) for movement.

Define Your Mission: Identify a problem that a new specialized cell could solve. Be creative!2.
Example Idea 1: A cell that can survive in a highly acidic environment to deliver
medicine.
Example Idea 2: A plant cell that can store twice the amount of water for drought
conditions.
Example Idea 3: A cell that glows in the presence of a specific pollutant to act as a bio-
indicator.

Part 2: Design & Blueprint

Draft the Blueprint: Draw a large, detailed diagram of your new cell.1.
Annotate Your Design: Label the key parts of your cell. Most importantly, explain what2.
makes it special. What modifications did you add? Did you enlarge an organelle? Add a new
structure? Change its shape? Explain how each modification helps the cell achieve its mission.
For example, "Enlarged Lysosomes: Contains powerful digestive enzymes to break down
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pollutants."

Mission Debrief:

Write a "Design Brief" for your new cell. Include its name, its special mission, and a detailed
explanation of its adaptive features, justifying why your design would be effective.

Mission 3: The Division Directive - Documenting Cell
Replication
Your Goal: To demonstrate your understanding of the cell cycle, mitosis, and meiosis by creating a
visual guide. You will also investigate what happens when this process goes wrong.

Part 1: The Cell Cycle Clock

In your notebook, draw a large circle representing the cell cycle. Divide it into the main1.
phases: Interphase (G1, S, G2) and the M Phase (Mitosis/Meiosis).
Label the "checkpoints" (e.g., G1 checkpoint, G2 checkpoint). For each checkpoint, briefly2.
describe what the cell is checking for. Think of it as a quality control manager making sure
everything is perfect before proceeding.

Part 2: Visualizing Division (Choose ONE path)

Your mission is to show the stages of both Mitosis and Meiosis for a cell where 2n=6 (3 pairs of
homologous chromosomes).

Path A: Stop-Motion Animation. Use your colored socks or pipe cleaners as chromosomes.
Create a scene for each stage (Prophase, Metaphase, Anaphase, Telophase for Mitosis; then
Meiosis I and II). Take a picture of each stage, then compile them into a short video.
Path B: Comic Strip. Create a two-part comic. The first part shows the step-by-step story of
Mitosis. The second part shows the story of Meiosis. Use speech bubbles or captions to explain
what is happening to the 6 chromosomes at each stage.

Part 3: When Control is Lost (Case File)

Compare and Contrast: Create a Venn Diagram or a T-chart comparing Mitosis and Meiosis.1.
Focus on the purpose (growth/repair vs. reproduction), number of divisions, and the
chromosome number of the final cells.
Investigate a Disorder: Choose one disorder resulting from errors in the cell cycle (e.g.,2.
Cancer, Down Syndrome). Write a one-paragraph "Case File Report" explaining how a failure in
mitosis or meiosis leads to the disorder.

Mission Debrief:

Review your animation or comic strip. Does it accurately show what happens to the chromosomes?
Discuss the most significant application of mitosis (e.g., healing a cut) and meiosis (e.g., creating
genetic diversity).
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Mission 4: The Gatekeeper's Challenge - Mastering the Cell
Membrane
Your Goal: To demonstrate how the cell membrane controls what enters and leaves by building a
model and conducting experiments on transport mechanisms.

Part 1: The Osmosis Lab

Setup: Cut a potato in half. In one half, carve out a small bowl-shape. Place both halves in a1.
bowl with about an inch of water. Leave one half as a control. In the carved-out bowl of the
other potato, add a teaspoon of salt.
Hypothesize: What do you think will happen to the water level inside the salted potato bowl2.
after a few hours? Why? Relate your hypothesis to osmosis.
Observe & Conclude: After 2-3 hours, observe the results. Write down your observations and3.
explain what happened using the terms osmosis, water potential, and semi-permeable
membrane. (The potato cells act as the membrane).

Part 2: The Transport Mechanism Model

Build a Fluid Mosaic Model: Use the clear bottle, water, and oil to represent the1.
phospholipid bilayer (oil = lipids, water = cytoplasm/extracellular fluid). Shake it to see it's
fluid, not static.
Simulate Transport:2.

Simple Diffusion: Add a drop of food coloring. Watch it spread out without any help.
This represents small, nonpolar molecules crossing the membrane.
Facilitated Diffusion & Active Transport: The oil layer prevents things from crossing
easily. Add some items like beads. They can't cross. Explain that for these molecules, the
cell would need special protein channels (facilitated) or pumps (active). Dish soap can
act as a channel—add a drop and see how it breaks up the oil layer, letting things mix.
Endo/Exocytosis: In your notebook, draw how a cell would use endocytosis to engulf a
large particle (like a bead) and exocytosis to expel a substance.

Mission Debrief:

Create a summary table that defines and gives an example for each of these transport types: Simple
Diffusion, Osmosis, Facilitated Transport, Active Transport, Endocytosis, and Exocytosis. For each,
state whether it requires energy (ATP).

Mission 5: The Enzyme Catalyst - The Speed of Life
Your Goal: To investigate how factors like temperature and pH affect the activity of enzymes, the
master catalysts of the cell.

Part 1: The Jell-O Sabotage Experiment

Background: Gelatin is made of protein. Fresh pineapple contains an enzyme called bromelain,
which is a protease (it breaks down proteins). We will test how processing affects this enzyme.

Setup: Prepare three small containers of gelatin according to the package directions.1.
Container 1 (Control): Gelatin only.
Container 2 (Fresh Pineapple): Add a few chunks of fresh pineapple.
Container 3 (Canned Pineapple): Add a few chunks of canned pineapple. (Canning
involves high heat).
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Hypothesize: Which containers of gelatin do you predict will set? Which will not? Why? Think2.
about what heat might do to the structure of an enzyme.
Observe & Conclude: Place all three in the refrigerator for a few hours. Observe the results.3.
Explain what happened in Container 2 vs. Container 3. Use the terms 'enzyme,' 'active site,'
and 'denature' in your conclusion. This demonstrates the effect of temperature.

Part 2: The pH Challenge (Conceptual)

Research: Enzymes work best at an optimal pH. The enzyme pepsin (in your stomach) works1.
at a very low pH (~2), while trypsin (in your small intestine) works at a basic pH (~8).
Problem-Solve: Imagine you are designing a medicine that contains a protein that needs to2.
be absorbed in the intestine. What problem would this medicine face in the stomach? How
could you, as a bio-engineer, design a pill to protect the protein enzyme from the stomach's
pH? (Hint: Think about coatings).

Mission Debrief:

Draw a graph showing how enzyme activity is affected by temperature (it increases to an optimum,
then drops sharply). Draw a second graph for pH (it has a peak at its optimal pH and lower activity
on either side). Explain *why* extreme temperatures and pH levels cause enzymes to stop working,
relating it back to the enzyme's specific 3D shape.
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